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Description 

OPTICAL DISC SYSTEM AND ASSOCIATED 
TILT ANGLE CALIBRATION METHOD 

Background of Invention 
[0001] i. Field of the Invention 

[0002] The invention relates to an optical disc system, and more 
particularly, to an optical disc system capable of calibrat- 
ing the tilt angle between an optical disc and an object 
lens. 

[0003] 2. Description of the Prior Art 

[0004] Optical discs are well suited for storing large amounts of 
data and have a long lifetime. For these reasons, optical 
discs are widely used in today's ever increasingly comput- 
erized society. Optical discs do not suffer from magnetic 
deterioration over time as do magnetic media types. Com- 
pact discs (CDs), compact disc read only memories 
(CD-ROMs), digital versatile discs (DVDs), and various 
types of writable versions of these formats are all com- 



monly used today. Although differing in physical form and 
digital format, in general, all optical disc systems project a 
beam of light on an optical disc through an object lens. 
This light is reflected off the optical disc and detected by 
an optical detector. Information is encoded on the optical 
disc using fine marks also referred to as pits that alter the 
reflected light. By detecting the different way the light re- 
flects from these pits, the information encoded on the 
disc can be reproduced by the optical disc system. 

[0005] when reproducing information from an optical disc, it is 
important to properly align the optical disc and the object 
lens. The light beam must be focused directly on tracks 
containing the pit marks, and the reflected light must be 
centered on the optical sensor. If the incident light beam 
on the surface of the optical disc is misaligned relative to 
the disc surface, it may be impossible for the optical sen- 
sor to accurately reproduce the encoded data. If the align- 
ment is close but still incorrect, increased data errors and 
clock jitter in the received data stream will lower the qual- 
ity of the optical disc system. 

[0006] jo ensure proper alignment, optical disc systems typically 
employ a tilt servo device for adjusting the tilt angle be- 
tween the optical disc and the object lens. The tilt servo 



device maintains the incident light beam at an angle per- 
pendicular to the surface of optical disc so that the re- 
flected light is focused directly in the center of the optical 
receiver. In order to fulfill this task, the tilt servo device 
needs to include a tilt detection means for detecting a 
misalignment of the tilt angle so that the tilt servo device 
can make the appropriate correction. Two commonly used 
tilt detection means are the tilt sensor and the jitter me- 
ter. 

[0007] The tilt sensor is normally used in conjunction with a sep- 
arate beam of light, referred to herein as the tilt beam, 
which is similar to the beam of light used to read the data 
from the optical disc, referred to herein as the read beam. 
By reflecting the tilt beam off the optical disc onto a sepa- 
rate light sensing tilt sensor, the tilt angle between the 
optical disc and the object lens can be directly measured. 
The tilt beam/sensor pair and the read beam/sensor pair 
must physically be as close to each other as possible so 
that the tilt angle seen by the tilt sensor will accurately 
approximate the tilt angle seen by the read sensor. How- 
ever, it is often difficult to perfectly align these two light 
beams. Using a separate light beam and sensor pair, 
which must themselves be properly aligned, to correct an 



alignment problem is not an optimal solution. 

[0008] Another common solution to this tilt angle calibration 

problem involves the use of a jitter meter. Because the jit- 
ter of the recovered data stream increases as the optical 
disc and the object lens become misaligned, the tilt angle 
producing the least amount of jitter can be assumed to be 
the optimal alignment. A jitter meter can be included in 
the optical disc system, allowing the optical disc system to 
monitor the jitter of the received data stream and appro- 
priately control the tilt servo device to adjust the tilt angle 
producing the least amount of jitter. However, using the 
jitter meter significantly increases the complexity of the 
design and requires extra components such as the jitter 
meter to be added to the optical disc system. 

[0009] Fukumoto et al. in US Patent No. 6,493,296 disclose an 
optical disc inclination detecting method, an optical 
pickup device, and an optical disc system, which use a 
push pull system to solve the above mentioned tilt angle 
calibration problem. Their optical disc system uses a di- 
viding unit to divide the read beam and form a main light 
spot and two side spots on the optical disc. Separate 
photo detectors are used to measure the light on the main 
spot and the two side spots. Signal generators are used to 



detect the tilt angle of the optical disc and control the tilt 
servo device to calibrate the tilt angle according to the 
output of the photo detectors. This optical disc system, 
however, again requires additional hardware components 
and increased design complexity, increasing the overall 
cost of the optical disc system. A need remains for a low 
cost solution to the tilt angle calibration problem. 
Summary of Invention 

[0010] it is therefore a primary objective of the claimed invention 
to provide an optical disc system and method capable of 
calibrating the tilt angle between an optical disc and an 
object lens, to solve the above-mentioned tilt angle prob- 
lem. 

[0011] According to the claimed invention, an optical drive sys- 
tem is disclosed comprising an optical disc, an object lens 
for focusing light on the optical disc, a tilt servo for ad- 
justing a tilt angle between the optical disc and the object 
lens, an optical electric integrated circuit (OEIC) for de- 
tecting light reflected from the optical disc, a DPD gener- 
ator for generating a differential phase detection (DPD) 
signal according to the output of the OEIC, and a tilt 
search block receiving the DPD signal and being con- 
nected to the tilt servo. The tilt search block controls the 



tilt servo to adjust the tilt angle between the optical disc 
and the object lens according to the DPD signal. 
[0012] a| so according to the claimed invention, a method is dis- 
closed for calibrating the tilt angle between an optical disc 
and an object lens in an optical storage device. The 
method comprises the following steps: (a) providing a tilt 
servo for adjusting the tilt angle between the optical disc 
and the object lens, (b) providing an optical electric inte- 
grated circuit (OEIC) for detecting light reflected from the 
optical disc, (c) generating a differential phase detection 
(DPD) signal according to the output of the OEIC, and (d) 
controlling the tilt servo to adjust the tilt angle between 
the optical disc and the object lens according to the DPD 
signal. 

[0013] These and other objectives of the claimed invention will 
no doubt become obvious to those of ordinary skill in the 
art after reading the following detailed description of the 
preferred embodiment that is illustrated in the various 
figures and drawings. 
Brief Description of Drawings 

[0014] pig.l is a block diagram of an optical disc system accord- 
ing to the first embodiment of the present invention. 
[0015] pig. 2 is a block diagram showing the OEIC and the DPD 



signal generator of Fig.l. 
[0016] pig. 3 is a graph of DPD signal amplitude vs. tilt angle. 

[0017] pig. 4 is a graph of DPD signal amplitude while searching 
for the optimal tilt angle using the DPD signal. 

[0018] Fig. 5 is a block diagram of an optical disc system accord- 
ing to the second embodiment of the present invention. 

[0019] Fig. 6 is a flowchart describing a method of calibrating the 
tilt angle of an optical disc system according to the 
present invention. 
Detailed Description 

[0020] Fig.l shows a block diagram of an optical disc system 100 
according to the first embodiment of the present inven- 
tion. The optical disc system 100 comprises an optical 
disc 102, an object lens 104, an optical electrical inte- 
grated circuit (OEIC) 106, a differential phase detection 
(DPD) signal generator 108, a tilt search block 110, and a 
tilt servo 112. Incident light is reflected off the optical 
disc 102 at a tilt angle controlled by the tilt servo 112. 
The tilt servo 112 receives a control signal T from the 
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tilt search block specifying a tilt anglea between the opti- 
cal disc 102 and the object lens 104. The tilt servo 112 
controls the tilt anglea. Reflected light L passes through 



the object lens and is detected by the OEIC 106. The OEIC 
106 is an optical sensor that generates electrical signals 
according to the reflected light L The DPD signal is a 
common signal required in optical disc systems and the 
DPD signal generator 108 generates this DPD signal ac- 
cording to the output of the OEIC 106. The tilt search 
block 110 uses the amplitude of the DPD signal to com- 
pare the accuracy of different tilt angles and determine an 
optimal tilt angle having the lowest amplitude DPD signal. 
[0021] pig. 2 shows a block diagram of the connection between 
the OEIC 106 and the DPD signal generator 108 of Fig.l. 
The DPD signal generator 108 comprises first and second 
adders 204, 206; first and second amplifiers 208, 210; 
first and second equalizers 212, 214; first and second 
level comparators 216, 218; a phase comparator 220; first 
and second low-pass filters 222, 224; and a subtractor 
226. The OEIC 106 is divided into four sensors A, B, C, D. 
The first adder 204 adds the output of the OEIC 106 for 
the A and D sensors. The output of the first adder 204 is 
amplified by the first amplifier 208, equalized by the first 
equalizer 212, level compared by the first level compara- 
tor 216, and then connected to the phase comparator 
220. Similarly, the second adder 206 adds the output of 



the OEIC 106 for the C and B sensors. The output of the 
second adder 206 is amplified by the second amplifier 
210, equalized by the second equalizer 214, level com- 
pared by the second level comparator 218, and also con- 
nected to the phase comparator 220. The phase compara- 
tor 220 compares the phase of the incoming signals and 
generates two pulse trains which are then low-pass fil- 
tered by the first low-pass filter 222 and the second low- 
pass filter 224 respectively. The subtractor 226 generates 
the DPD signal according to the difference between the 
output of the first and second low-pass filters 222, 224. It 
should be noted that alternative methods of generating 
the DPD signal are well known in the prior art and can also 
be used with the present invention. As the DPD signal is 
well known in the prior art, further description of its gen- 
eration is hereby omitted. 
[0022] pig. 3 shows a graph of DPD signal amplitude vs. tilt angle. 
As the tilt angle increases from a minimum angle of A 

3 3 MIN 

to a maximum angle of A , the amplitude of the DPD 

MAX 

signal dips to a minimum level DPD M|N at the optimal tilt 
angle A QpT . This property can be used to determine the 
optimal tilt angle directly using the DPD signal. A mea- 
surement such of the amplitude of the DPD signal such as 



a peak-to-peak measurement or the DPD signal envelope 
300 shown in Fig. 3 can be used to track the amplitude of 
the DPD signal. Using the DPD signal to determine the op- 
timal tilt angle is more accurate than the tilt sensor used 
in the prior art because the DPD signal directly corre- 
sponds to the light received at the OEIC 106. As the out- 
put of the OEIC is used to decode the data, it is therefore 
highly beneficial to calibrate the tilt angle directly using 
the output of the OEIC 106. Additionally, determining the 
optimal tilt angle directly using the DPD signal, which is 
already required in the prior art, means that very few (if 
any) additional hardware components need to be included 
in the optical disc system. 
[0023] pig. 4 shows a graph of DPD signal amplitude while 

searching for the optimal tilt angle using the DPD signal. 
Fig. 4 includes an example tilt servo control signal T 
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and the positive-half of the resulting DPD signal. For il- 
lustrative purposes, the example diagram tilt servo con- 
trol signal T indicates a voltage used to drive the tilt 
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servo 112 directly corresponding to the associated tilt an- 
gle. In Fig. 4, the tilt angle produced by the tilt servo 112 
directly corresponds to the voltage value of the T dr|ve sig- 
nal. For instance, a T value equal to 2V indicates a 

DRIVE 



2deg tilt angle, a T value equal to IV indicates a Idea 
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tilt angle, etc. This property is for illustrative purposes in 
this example only and is not a requirement of the present 
invention. To illustrate a searching process according to 
the present invention, assume that the ideal tilt angle 
providing the best detection of the reflected light L is 
0.7deg. To begin calibration, the tilt search block 110 
controls the tilt servo 112 to scan a first plurality 400 of 
five tilt angles starting at 2deg and having an angle sepa- 
ration of ldeg. The amplitudes of the DPD signal are 
compared for each tilt angle in the first plurality 400 of tilt 
angles and the tilt angle of ldeg is found to have the low- 
est amplitude DPD signal. The tilt search block 110 then 
controls the tilt servo 112 to scan a second plurality 402 
of five tilt angles starting at 0.4deg and having an angle 
separation of 0.3deg. The amplitudes of the DPD signal 
are compared for each tilt angle in the second plurality 
402 of tilt angles and, because the tilt angle of 0.7deg has 
the lowest amplitude DPD signal, 0.7deg is used as the tilt 
angle by the optical disc system. 
[0024] pig. 5 shows a block diagram of an optical disc system 500 
according to the second embodiment of the present in- 
vention. The optical disc system 500 according to the sec- 



ond embodiment includes the same basic components 
connected in the same fashion as the first embodiment 
shown in Fig.l. The reflected light L is received by the 
OEIC 106 and converted to the DPD signal by the DPD sig- 
nal generator 108 in the same way as the first embodi- 
ment shown in Fig.l. However, in the second embodi- 
ment, the tilt search block 110 further comprises an am- 
plifier 502, a multiplexer 504, an amplitude detector 505 
(or bypass), an analog to digital converter (ADC) 506, and 
a central processing unit (CPU) 508. Because the DPD sig- 
nal is not designed to indicate the tilt angle, it may be re- 
quired to amplify the signal in order to more easily mea- 
sure differences between the amplitude of the DPD signal 
of different tilt angles. The amplifier 502 is provided for 
this function. The amplitude detector 505 can be used to 
assist in detecting the amplitude of the amplified DPD 
signal or if this function is not built-in, block 505 can be 
bypassed and software executed by the CPU 508 can be 
used to compute the amplitude. To allow the CPU 508 to 
search for the optimal tilt angle, the DPD signal needs to 
be converted to a digital format usable by the CPU. Be- 
cause most optical disc systems already include an ADC 
506, the multiplexer 504 is included to allow the reuse of 



the already existing ADC 506 to digitize the DPD signal. In 
some optical disc systems, this multiplexer may itself al- 
ready exist for allowing the reuse of the ADC converter. 
Fig. 5 shows an optical disc system having multiple signals 
(Sigl, SigN) already being multiplexed by the multi- 
plexer 504 and the DPD signal has been added as one of 
the signals multiplexed by the multiplexer 504. During tilt 
angle calibration, the multiplexer 504 is controlled by the 
CPU 508 to pass the DPD signal to the ADC 506. A digital 
DPD signal output by the ADC 506 is received by the CPU 
508. Using a search algorithm, such as the search algo- 
rithm shown in Fig. 4, the CPU 508 scans a plurality of tilt 
angles to determine the optimal tilt angle having the low- 
est amplitude DPD signal. When calibration is complete 
and the optimal tilt angle has been set, the CPU controls 
the multiplexer 504 to pass the normal-operation sig- 
nal(s) to the ADC 506. 
[0025] pig. 6 is a flowchart 600 describing a method of calibrating 
the tilt angle of an optical disc system according to the 
present invention. The flowchart 600 includes the follow- 
ing steps: 

[0026] step 602:Provide a controllable tilt servo for physically ad- 
justing the tilt angle between the optical disc and an ob- 



ject lens. The tilt servo could be implemented with an ac- 
tuator driver or another device allowing the relative tilt 
angle between the optical disc and the object lens to be 
altered. Proceed to step 604. 

[0027] step 604:Generate a differential phase detection (DPD) 

signal corresponding to the output of an optical electrical 
integrated circuit (OEIC) as also required in the prior art. 
Proceed to step 606. 

[0028] step 606:Amplify the DPD signal to enhance the differ- 
ences of amplitudes of DPD signal corresponding to dif- 
ferent tilt angles and proceed to step 608. 

[0029] step 608:Set a default angle spacing and a default center 
angle. The angle spacing refers to the angle difference 
between different angles scanned during tilt angle cali- 
bration and the center angle refers to the angle in the 
center of the plurality of angles. Proceed to step 610. 

[0030] step 610:Scan a plurality of tilt angles differing from one 
another by the angle spacing and centered at the center 
angle, and simultaneously sample the amplitudes of the 
DPD signal for computing peak-to-peak amplitudes cor- 
responding to the scanned tilt angles. Proceed to Step 612 
.Step 612:Search the plurality of tilt angles scanned in 
step 612 to determine lowest digitized DPD amplitude. 



Proceed to step 614. 

[0031] step 614:Has an angle spacing limit been reached? If the 
minimum spacing between tilt angles allowable by the tilt 
servo has been reached then proceed to step 618, other- 
wise proceed to step 616. 

[0032] step 616:Reduce the angle spacing parameter and set the 
center angle parameter to the angle having the lowest 
digitized DPD amplitude determined in step 612. Proceed 
to step 610 to scan a subset of the plurality tilt angles 
having lower DPD amplitudes. 

[0033] step 618:Set the tilt servo to the tilt angle having the low- 
est amplitude DPD signal in the plurality of tilt angles 
scanned in step 614. Tilt angle calibration is finished. 

[0034] | n contrast to the prior art, the present invention uses the 
DPD signal to calibrate the tilt angle of an optical disc 
system so that the optimal tilt angle is used resulting in 
the best signal to noise ratio when recovering data en- 
coded on the optical disc. Because a DPD generator in the 
prior art already generates the DPD signal, the present in- 
vention is a cost effective and efficient solution avoiding 
the use of extra components such as a tilt sensor or a jit- 
ter meter. By iteratively scanning pluralities of tilt angles, 
each plurality of angles having decreasing angle differ- 



ences and being centered on a tilt angle having the lowest 
amplitude DPD signal in the previous plurality, an optimal 
tilt angle having the lowest amplitude DPD signal can be 
found. 

[0035] Those skilled in the art will readily observe that numerous 
modifications and alterations of the device may be made 
while retaining the teachings of the invention. Accord- 
ingly, the above disclosure should be construed as limited 
only by the metes and bounds of the appended claims. 



